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Objectives: To assess the possible presence in patients with rheumatoid arthritis (RA) of autoantibodies
recognising citrullinated peptides derived from type I and II collagens.
Methods: Firstly, the binding of four pairs of synthetic peptides (arginine-containing and artificially
citrullinated forms) related to different regions of human type II collagen were tested with sera from 120
patients with RA and 81 controls. Secondly, two similar pairs of peptides related to the carboxy terminal
telopeptides of the a1 and a2 chains of human type I collagen were tested.
Results: 42–53% of the RA sera showed increased binding of arginine peptides related to type II collagen.
However, 12 RA sera bound the citrullinated form of the a1(II) telopeptide more strongly than the
corresponding arginine peptide. 20 RA sera bound the citrullinated carboxytelopeptide from the a1 chain
of type I collagen (a1(I) telopeptide) more strongly than the respective arginine peptide. The correlation
between the autoantibodies to type I and II collagen telopeptides was rs=0.576, p,0.001. Anti-cyclic
citrullinated peptide (anti-CCP) assay was positive in 71/120 (59%) patients with RA. An anti-CCP assay
detects a different subgroup of antibodies than anti-telopeptide assays. However, both anti-telopeptide
and anti-CCP antibodies were increased in patients with RA.
Conclusion: Some patients with RA were identified whose sera contained antibodies that specifically
bound citrullinated peptides related to the carboxy terminal telopeptides of the a1 and a2 chains of type I
collagen and the a1 chains of type II collagen (sequences YYXA, FYXA, and YMXA, where X stands for
citrulline).

C
itrulline is an amino acid that is post-translationally
formed from arginine in peptides or proteins by the
enzyme peptidylarginine deiminases (PADIs). This

structure has attracted considerable attention in rheumatol-
ogy, as several autoantibodies in patients with rheumatoid
arthritis (RA) are directed to proteins that contain citrulline.
The first such autoantibody was the antiperinuclear factor
described by Nienhuis and Mandema as early as 1964.1 This
antigen is present in the keratohyaline granules surrounding
the nucleus of human buccal mucosa cells. In 1979, Young et
al discovered an antikeratin antibody by indirect immuno-
fluorescence using sections of rat oesophagus.2 Schellekens et
al3 and Girbal-Neuhauser et al4 later showed independently
that both antiperinuclear factor and antikeratin antibody
specifically bind (pro)filaggrin, which contains citrulline
residues. This autoantibody is more specific for RA than
certain traditional autoantibodies—for example, the rheu-
matoid factor, which constitutes one of the classification
criteria proposed by the American College of Rheumatology.5

On the other hand, it has been speculated that because of
their specificity the antibodies to citrullinated proteins might
play a part in the aetiology and/or pathogenesis of RA.6

Autoantibodies to citrullinated proteins can be detected by
several methods. The immunostaining methods used at first
were not suitable for routine use in the clinical laboratory,
but the introduction of an enzyme linked immunosorbent
assay (ELISA), later with a cyclic citrullinated filaggrin
related peptide (anti-CCP) as an antigen, has greatly
simplified the determination of antifilaggrin antibodies with
good reproducibility.7 The presence of such antibodies has
been reported to predict the development of RA in apparently
healthy people,8 9 and the progression of undifferentiated
arthritis to RA.10 Possible clues about the pathogenetic role of

these antibodies include an association of citrullination with
apoptosis, the appearance of anti-CCP antibodies before the
occurrence of clinical symptoms and their specificity for RA,
and the suggested genetic risk factor that leads to increased
citrullination associated with RA.10

There is no filaggrin in joints, which means that the
autoantibodies reacting with this protein most probably only
reflect an immunological cross reaction.11 Possible candidates
for the original immunogen include citrullinated a and b
chains of fibrin in synovial tissue12 and the Sa antigen,
identified as citrullinated vimentin.13 However, production of
anti-citrullinated filaggrin antibodies precedes disease onset,
which contradicts the simple hypothesis that citrullination or
anti-citrullinated filaggrin antibodies, or both, are pathogenic
on their own.11 For instance, deep destruction of cartilage and
erosion of bone in periarticular tissue cannot be induced by
these autoantibodies unless citrulline is present in some
major extracellular matrix proteins, such as type I and II
collagens.
It has long been assumed that autoimmunity against

collagens might be involved in the pathogenesis of RA.
However, the evidence is only circumstantial. In certain
animal species—for example, rats, mice, rabbits, and
monkeys, immunisation with type II collagen results in the
development of polyarthritis resembling human RA. Type II
collagen is post-translationally modified, and some of these
modifications (for example, glycosylations of lysine at
position 264) may be recognised by T cells.14 Anti-collagen

Abbreviations: CCP, cyclic citrullinated peptide; EIA, enzyme
immunoassay; ELISA, enzyme linked immunosorbent assay; PADI,
peptidylarginine deiminase; RA, rheumatoid arthritis
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antibodies are formed not only against cartilage collagen but
also against bone (type I collagen) and soft tissue collagens
(for example, type III and V collagens).15 Antibodies against
denatured collagens are more frequent and present in higher
concentrations in RA sera than antibodies against native
collagens.16 17 These anti-collagen antibodies are by no means
specific for RA, and their formation may be secondary to the
destruction of connective tissues rather than a cause of the
disease.

This study aimed at determining whether the autoanti-
bodies present in RA have any association with possible
citrullination of collagens. We used citrullinated and non-
citrullinated synthetic peptides for sequences derived from
human type I and II collagens as antigens and set up ELISAs
for the antibodies that bound such peptides. Of the four
peptides related to different parts of the type II collagen
molecule, all arginine-containing and some citrullinated
forms were more frequently bound by RA than by control
sera. We also tested the carboxy terminal telopeptides of the
two a chains of type I collagen and compared them with a
similar peptide from type II collagen. The sequences of these
three carboxy terminal telopeptides resemble each other,
being YYXA, FYXA, and YMXA, respectively, where X is
citrulline.

SUBJECTS AND METHODS
Patients and controls
The serum samples from 120 patients with RA were obtained
from the division of rheumatology of Oulu University
Hospital. The controls consisted of 81 sera from healthy

Table 1 Characteristics of the patients with RA and
controls studied

Characteristics
Patients with RA Controls
(n = 120) (n = 81)

Women/men 89/31 58/23
Age (years), mean (range) 54 (19–84) 54 (14–83)
Women’s age (years), mean
(range)

53 (21–84) 54 (14–83)

Men’s age (years), mean (range) 57 (19–81) 55 (21–74)

Collagenase cleavage site
CC1 (1059)

CC1

CC2 (1048)CC3 (799)CC4 (28)
A

B

C

–GPPGPQG LAGQRGE–

N C

CC2

CC3

CC4

EKGPDPLQYMXA

SAFAGLGPXEKGPD

LAGQXGIVGLP

GPMGPXGPPGPA

X = arginine/citrulline

X = arginine/citrulline

GPP  GPGIDMSAFAGLGPREKGPDPLQYMXA

Helix

C-telopeptide of type II collagen

C-telopeptide of α1(I)

D

C-telopeptide of α2(I)

EKAHDGGRYYXA

YDFGYDGDFYXA

Figure 1 Sequences and localisations
of the synthetic peptides used in the
study. (A) Localisation of the peptides
CC1-CC4 in human type II collagen; the
numbers in brackets refer to arginine
residues. (B) Sequences of the peptides
CC1-CC4. (C) Detailed structure of the
carboxy terminal telopeptide of type II
collagen; the 12 carboxy terminal
amino acids represent the peptide CC1.
(D) Sequences of the peptides related to
the carboxy terminal telopeptides of the
a1 and a2 chains of human type I
collagen.
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people matched for age and sex (table 1). An experienced
rheumatologist made the clinical diagnosis of RA, because
the patients were in early stages of the disease. The study was
approved by the ethical committee of Oulu University
Hospital.

Peptide antigens
Six pairs of biotinylated peptides were synthesised by
NeoMPS (Strasbourg, France). Figure 1 shows the sequences
and locations of the chosen peptides in the primary structures
of human type I and II collagens. One member of each pair
contained the arginine predicted by the respective gene,
whereas in the other member of the pair this was replaced by
citrulline.

ELISA assays
The biotinylated peptides were coupled to streptavidin
coated, 96 well assay plates (BioBind Assembly, Thermo
Labsystems Oy, Vantaa, Finland) at a concentration of 10 mg/
well. The coupling was performed at room temperature, pH
7.5, for 2 hours. The streptavidin coated wells had been
blocked by the manufacturer to prevent unspecific binding.
The sera to be tested were diluted in enzyme immunoassay

(EIA) buffer (20 mM Tris-HCl, 150 mM NaCl, 0.1% bovine

serum albumin, 0.05% Tween; pH 7.5) or assay buffer
(10 mM Tris-HCl, 350 mM NaCl, 1% bovine serum albumin,
1% (vol/vol) Triton X-100, 0.5% (wt/vol) Na deoxycholate,
0.1% sodium dodecyl sulphate; pH 7.6) supplemented with
1% rabbit serum7 and incubated in the well for 1 hour at
room temperature (100 ml/well). After washing (3–5 times
with phosphate buffered saline/0.05% (vol/vol) Tween-20),
100 ml of antihuman IgG conjugated to peroxidase (product
No 31412, Pierce, Rockford, IL, USA) diluted 1:7500 in EIA
buffer was added. After incubation for 1 hour at room
temperature, the plates were washed (3–5 times with
phosphate buffered saline/Tween-20). The bound antibodies
were detected with 3,39,5,59-tetramethylbenzidine (Sigma-
Aldrich, St Louis, MN, USA) as a substrate (0.01 mg/100 ml
per well in 100 mM sodium acetate trihydrate, 1.5 mM citric
acid monohydrate, 0.0015% H2O2). After 30 minutes, the
reaction was stopped by adding 100 ml of 2 M sulphuric acid/
well. The absorbances at a wavelength of 450 nm were read
in a Victor2 instrument (Wallac, Turku, Finland) and the
results calculated by Multicalc (Wallac). All sera were tested
in duplicate. The coefficients of variation were generally
,10%.
Anti-CCP-ELISA (the anti-CCP mark 2 assay) was used

according to the procedure described by the manufacturer

Table 2 Binding of peptides to human sera in ELISA

Peptides

Controls
Controls over mean
¡2SD

Patients with RA over
mean ¡2SD

Mean (SD)
absorbance (n) (n)

C-telopeptide of a1(I)
Arginine peptide 0.288 (0.142) 4/81 6/120NS

Citrulline peptide 0.314 (0.117) 2/81 24/120***
C-telopeptide of a2(I)

Arginine peptide 0.692 (0.326) 3/81 22/120***
Citrulline peptide 0.763 (0.356) 3/81 12/120**

CC1 = C-telopeptide of a1(II)
Arginine peptide 0.181 (0.077) 2/81 54/120***
Citrulline peptide 0.155 (0.065) 2/81 35/120***

CC2
Arginine peptide 0.162 (0.053) 3/81 50/120***
Citrulline peptide 0.135 (0.054) 1/81 25/120***

CC3
Arginine peptide 0.182 (0.0073) 2/81 63/120***
Citrulline peptide 0.181 (0.067) 2/81 32/120***

CC4
Arginine peptide 0.179 (0.070) 3/81 60/120***
Citrulline peptide 0.184 (0.071) 2/81 22/120***

NS, not significant, **p,0.01 and ***p,0.001 compared with controls.

Table 3 Contingency coefficients (C) between anti-C-telopeptides of type I and II
collagens and anti-CCP assay

Anti-a1(I) Anti-a2(I)
Anti-a1(II) =
Anti-CCP1 Anti-CCP2 Anti-CCP assay

Anti-a1(I) C = 0.380*** C=0.286*** C=0.116 C=0.310***
p,0.001 p =0.001 p =0.202 p,0.001

Anti-a2(I) C = 0.380*** C=0.398*** C=0.260** C=0.112
p,0.001 p,0.001 p =0.003 p=0.217

Anti-a1(II) = anti-CCP1 C=0.286*** C=0.398*** C=0.171 C=0.215*
p =0.001 p,0.001 p =0.057 p=0.016

Anti-CCP2 C=0.116 C=0.260** C=0.171 C=0.108
p =0.202 p=0.003 p =0.057 p=0.236

Anti-CCP assay C=0.310*** C=0.112 C=0.215* C=0.108
p,0.001 p=0.217 p =0.016 p =0.236

*p,0.05, **p,0.01, and ***p(0.001 between two variables.

Autoantibodies to citrullinated collagens in patients with RA 1445
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(Euro-Diagnostica, Malmö, Sweden). All sera, calibrators,
and controls were measured in duplicate, and the results
were averaged.

Competition assay
To evaluate antibody specificity we tested both anti-type I
and II telopeptide assays and an anti-CCP mark 2 assay kit.
Patients’ sera were diluted in assay buffer to such antibody
dilutions that in each assay the initial binding could be
noticeably inhibited by different peptides. Serial dilutions of
competitive peptides (arginine and citrullinated forms of C-
telopeptide of the a1(I) and a1(II) collagen antigens) were
added (see fig 5). In the telopeptide assays, the peptide that
was coupled to the plate was also used as a positive control.
For the anti-CCP assay, no such control was used. The extent
of competition was plotted as percentage inhibition against
the soluble peptide concentration. The signal (wavelength of
450 nm) obtained with human serum only (initial binding)

was defined as 0% inhibition, and the signal of the blank (no
serum) was defined as 100% inhibition.

Calculations
The absorbance results of each collagen peptide pair were
compared between the patients with RA and controls
(table 2). After that, the variance of the differences between
the citrulline and the respective arginine peptides in the
control samples was calculated for each peptide pair. On the
basis of these variances, those patients with RA samples were
identified for whom this difference exceeded the mean¡2SD
of the controls (see fig 4). The data were recorded and
analysed on a microcomputer using the SPSS statistical
software. Correlations were expressed as Spearman’s rank
correlation coefficient.
We compared the positive/negative results of anti-CCP and

our anti-telopeptide assays in patients with RA by cross
tabulation, using 262 contingency tables tested on the
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Figure 2 Binding of the peptides CC1
to CC4 to the individual sera of 120
patients with RA. The numbers on the
abscissa refer to the serum samples;
normal peptides are shown as light
grey columns and citrullinated peptides
as dark grey columns. The ordinate
shows the absorbance measured. For
the peptides of CC3 and CC4, no serum
bound more strongly to the citrullinated
peptide than to the normal peptide. For
the CC2 peptide two cases and for the
CC1 peptide 12 cases of preferential
binding to the citrullinated peptide form
were seen.
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contingency coefficient (C, which is always 0(C,1). In cross
tabulation (table 3) the results are categorised as positives
and negatives (positive anti-CCP (>25 U/ml) and negative
(,25 U/ml), positive a1(I) (differences >0.175) and negative
(differences ,0.175), positive a2(I) (differences >0.574) and
negative (differences ,0.574), positive a1(II) (differences
>0.037) and negative (differences ,0.037), and positive

CCP2 (differences >0.032) and negative (differences
,0.032)).

RESULTS
Firstly, we tested the assay buffers, because we had initially
found that the binding of antibodies from control sera in the
buffer normally used in EIA is considerable for both arginine
and citrulline peptides. When the assay buffer7 was used,
which contains Triton, Na deoxycholate, and sodium dodecyl
sulphate, the overall binding of antibodies decreased in all
peptide pairs (not shown). The specific binding of citrulli-
nated peptides, compared with arginine peptides and
particularly for CC1, was even better in the assay than in
the EIA buffer. Accordingly, in all the remaining experi-
ments, all samples were diluted in assay buffer at a
concentration of 1:100.
When single peptides were analysed directly, 42–53% of

the patients with RA showed increased binding of the
peptides derived from type II collagen (table 2). However,
in many of these patients citrullinated peptides (CC1–CC4)
tended to be bound to a lesser extent than arginine peptides
(table 2, fig 2). The binding of peptides related to the carboxy
terminal telopeptide of type I collagen was also increased in
the patients with RA, but not to the same extent as for type II
collagen.
When each peptide pair was being tested, the means

(absorbance value of citrullinated peptide minus that of
arginine peptide) and variances of the differences of the
control samples were 20.026 (SD 0.032) for CC1, 20.027
(0.029) for CC2, 20.001 (0.026) for CC3, and +0.005 (0.020)
for CC4. There was no specific binding to the citrullinated
forms of the CC3 and CC4 peptides of the RA sera (fig 2).
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Figure 3 Correlation between the bindings (absorbance units) of the
carboxy terminal telopeptides of the a1 chains of type I and II collagens
to the sera from patients with RA.
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sera that bind citrullinated peptide more strongly than arginine peptide and vice versa for those in the lower part. The figures in the upper and lower
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However, peptide CC2 and particularly peptide CC1 in the
patients with RA showed differences, because two sera in the
peptide CC2 group and 12 sera in the peptide CC1
group bound more citrullinated peptide than normal peptide
(fig 2). For the a1 chain of type I collagen, the means
(absorbance value of citrullinated peptide minus that of
arginine peptide) and variances of the differences of the
control samples were around +0.026 (0.074). There was a
highly significant correlation between the binding of the
telopeptide parts related to the a1 chains of type I and II
collagens in the sera of the patients with RA (rs= 0.576,
p,0.001, fig 3). With the C-telopeptide of the a2 chain
from type I collagen, the means and variances of the
differences between the control samples were +0.071
(0.252). In this case the mean binding and variance were

considerably higher (two- to fivefold) than those of the other
peptides. However, there was also more binding in the RA
sera than in the control sera.
Figure 4 summarises the overall results of peptide binding

in the control and RA sera. The numbers of cases with more
binding of citrullinated than respective arginine peptides
(upper part of the figure) and vice versa (lower part of the
figure) are indicated. In particular, there was increased
binding of the citrullinated form of the carboxy terminal
telopeptide of the a1 chains of type I collagen. Also, in the
case of the carboxy terminal telopeptide of the a1 chain of
type II collagen, some sera showed increased binding of the
citrullinated forms. However, in the case of the a2 chain of
type I collagen, there was no difference between the control
and RA sera.
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Figure 5 Competition assays. One
human serum sample was tested in
three different ELISAs: anti-
carboxytelopeptides of the a1 chain of
type I (A) and II collagens (B) and anti-
CCP assays (C). The inhibitors were
EKAHDGGRYYRA (open triangles),
EKAHDGGRYYXA (closed triangles),
EKGPDPLQYMRA (open squares), and
EKGPDPLQYMXA (closed squares).
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The anti-CCP assay was positive in 71/120 (59%) RA sera.
However, there was no correlation between the concentra-
tions of autoantibodies against collagen telopeptides and
those against CCP. We tested the specificity of the auto-
antibodies by analysing serum samples in anti-CCP assay and
anti-a1(I) and anti-a1(II) assays and by inhibiting the
binding in each case with all normal and citrullinated
antigens. Soluble citrullinated telopeptide antigens inhibited
the binding in both anti-type I and type II telopeptide assays
(figs 5A and B). Thus, it seems that the same antibody species
are involved in the binding of both collagen related peptides.
However, the binding of CCP cannot be inhibited by collagen
peptides (fig 5C). Although the specificities of autoantibodies
are clearly different, anti-CCP and anti-a1(I) and anti-a1(II)
collagen behave quite similarly in 262 contingency analysis
(table 3). This indicates that nearly all the patients who have
anti-telopeptide antibodies are also positive in an anti-CCP
assay.

DISCUSSION
RA-specific antibodies can be detected by using either in vitro
enzymatically citrullinated proteins or synthetic citrullinated
peptide(s) as antigen.18 Here, we used the latter approach,
because we wanted to study both helical and telopeptide
domains. Previously, anti-collagen antibodies have been
detected using a soluble collagen antigen, called atelocolla-
gen, which was made soluble by pepsin treatment. However,
this digestion removes the intermolecular cross links,
including those located at the carboxy terminus. For this
reason, we used the synthetic peptide approach, because it is
not possible to study cross linked telopeptides with authentic
collagens.
The pro-a1 chain of type II procollagen contains 72

arginine residues, while the number of arginines in the
corresponding collagen chain is 55. From this abundance of
potential citrullination sites, we selected four peptides and
had both their normal and artificially citrullinated forms
synthesised (fig 1). The peptides were chosen to contain the
first arginine (CC4, position 28) from the amino terminus of
collagen itself, the first arginine after the collagenase
cleavage site (CC3, 799) and the last and last but one
arginines from the carboxy terminus (CC1, 1059 and CC2,
1048). Two of the peptide pairs (CC3 and CC4) are from the
helical region of type II collagen, whereas the CC1 peptide
occurs at the non-helical end of the collagen molecule. We
found that the CC1 peptide and, to a lesser extent, the CC2
peptide, specifically bind autoantibodies against citrullinated
proteins. These results suggest that the arginine near the
carboxy terminal end might be susceptible to the action of
PADI enzymes, an assumption which is also supported by the
studies performed by Nomura.19

The pro-a1 and pro-a2 chains of type I procollagen contain
71 and 72 arginine residues, respectively, while the corre-
sponding numbers in the collagen chains are 55 and 57. We
tested only the carboxy terminus of the two a chains of type I
collagen, because the arginine-containing sequences at the
carboxy terminal ends of type I (YYRA or FYRA) and type II
(YMRA) collagens are quite similar. Our results indicate
(fig 5) that the same or similar antibodies react with both
cartilage and bone collagens, provided that there are
citrullinated forms at the carboxy terminus.
In this study we were also able to show that 42–53% of

patients with RA have autoantibodies against normal
arginine-containing peptides derived from type II collagen.
Previously, such autoantibodies have mainly been tested by
using collagen preparations rendered soluble by pepsin
digestion.16 17 However, this protease removes the carboxy
terminal telopeptides of collagens, as described above. When
part of the resulting collagen preparations were denatured

with heat, it was possible to compare antibody binding to
native and denatured collagens. Many of the previously
identified autoantibodies to type II collagen detected dena-
tured peptides,16 17 because these epitopes were hidden inside
the collagen triple helix and not exposed on the surface of the
molecule, if the collagen was in native conformation. The
binding to the arginine peptides containing CC3 and CC4,
identified in the present study (fig 2), obviously represents
such autoantibodies. The specific citrullinated collagen
sequences found in this study (YYRA and YMRA) would be
quite similar in both native and denatured conformations,
because carboxytelopeptides do not have a helical structure.
However, the a2 chain of type I collagen might also be
involved in this binding because of the similar sequence
(FYRA), but in the fine structure of type I collagen this a2
telopeptide is shorter and probably hidden by two a1 chains.20

These experiments were performed with an ELISA, but we
have also used an automatic immunoassay instrument, in
which the serum is bound by biotinylated peptides in
magnetic particles and detected by chemiluminescence. This
format yielded more than twice the number of positive
results in, for example, the anti-telopeptides of a1(I) assay in
the same patients with RA, indicating that the assay format is
also important (results not shown here). However, the above
ELISA method is suitable for visualising the existence and
nature of these antibodies. The binding of antibodies against
biotinylated citrullinated telopeptides can be inhibited by a
similar non-biotinylated peptide in solution (fig 5), which is
often not possible with autoantibodies, which bind both
arginine and citrullinated peptides in denatured conforma-
tion.
It emerged that those patients who have autoantibodies

against collagen telopeptides also have positive reactions on
anti-CCP assay (table 3). We do not know what immunogen
is involved when these autoantibodies are formed against
citrullinated proteins. It may result from apoptosis because,
both in filaggrin and in vimentin, citrullination occurs in
proteins that are close to the end of their existence.21 This
would mean that in patients with RA such antibodies against
citrullinated proteins are produced, because such immuno-
logical phenomena are common in this disease. This anti-CCP
antibody may precede disease onset by several years, which
contradicts the simple hypothesis that citrullination or anti-
citrullinated peptide antibodies, or both, are pathogenic on
their own.11

We have found a subset of autoantibodies that could bind
collagens. There is no danger if there is no citrullination of
collagens. However, if these previously innocent antibodies
react with extracellular matrix components, such as type I
and type II collagens, they could be harmful. These
autoantibodies may be responsible for the destruction of
both cartilage and periarticular bone, if the last carboxy
terminal arginine is modified to citrulline by the PADIs.
However, we have not yet studied the presence of citrullina-
tion in authentic type I and II collagens, and the hypothesis
about such a presence is interesting but not yet proved.
Nevertheless, anti-CCP antibodies can discriminate accu-
rately between erosive and non-erosive RA,22 indicating that
at least some of these autoantibodies may have a role in joint
damage.
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